The P450cam G248E mutant covalently binds its prosthetic heme group.
Previous studies on mammalian peroxidases and cytochrome P450 family 4 enzymes have shown that a carboxylic group positioned close to a methyl group of the prosthetic heme is required for the formation of a covalent link between a protein carboxylic acid side chain and the heme. To determine whether there are additional requirements for covalent bond formation in the P450 enzymes, a glutamic acid or an aspartic acid has been introduced into P450(cam) close to the heme 5-methyl group. Spectroscopic and kinetic studies of the resulting G248E and G248D mutants suggest that the carboxylate group coordinates with the heme iron atom, as reported for a comparable P450(BM3) mutant [Girvan, H. M., Marshall, K. R., Lawson, R. J., Leys, D., Joyce, M. G., Clarkson, J., Smith, W. E., Cheesman, M. R., and Munro, A. W. (2004) J. Biol. Chem. 279, 23274-23286]. The two P450(cam) mutants have low catalytic activity, but in contrast to the P450(BM3) mutant, incubation of the G248E (but not G248D) mutant with camphor, putidaredoxin, putidaredoxin reductase, and NADH results in partial covalent binding of the heme to the protein. No covalent attachment is observed in the absence of camphor or any of the other reaction components. Pronase digestion of the G248E P450(cam) mutant after covalent attachment of the heme releases 5-hydroxyheme, establishing that the heme is covalently attached through its 5-methyl group as predicted by in silico modeling. The results establish that a properly positioned carboxyl group is the sole requirement for autocatalytic formation of a heme-protein link in P450 enzymes, but also show that efficient covalent binding requires placement of the carboxyl close to the methyl but in a manner that prevents strong coordination to the iron atom.